Determination of the drug susceptibility of Mycobacterium tuberculosis by conventional methods using an agar-based medium may take 3 weeks or more to complete. On the other hand, results on positive cultures are generally available in 4 to 7 days with the radiometric (BACTEC, Johnston Laboratories, Towson, Md.) procedure. One disadvantage to the latter is the requirement to determine the quantity of 14Co2 in each test vial on a daily basis from the day of inoculation. Growth index readings often must be made over weekends, adding to the work load of clinical laboratories during periods of reduced staff or necessitating compensatory pay or time. Susceptibility tests with streptomycin, isoniazid, ethambutol, and rifampin against 104 M. tuberculosis strains were performed by the submerged disk method, the recommended BACTEC method with daily growth index readings, and the radiometric procedure with readings delayed for 2 days after inoculation. Cultures. A total of 104 strains of M. tuberculosis were selected to include susceptible organisms and a high proportion of strains with various drug resistance patterns. These were fresh patient isolates submitted to this reference laboratory from Veterans Administration medical facilities for identification and drug susceptibility studies. Upon receipt, subcultures were made routinely to LowensteinJensen medium slants prepared in the laboratory from base powder (Difco Laboratories, Detroit, Mich.). A streak plate culture was also made on Middlebrook 7H10 agar medium enriched with oleic acid-albumin-dextrose-catalase (Difco) to examine colony morphology and to check for purity.
Drug susceptibility testing of Mycobacterium tuberculosis with the BACTEC 460 TB system (Johnston Laboratories, Towson, Md.) according to recommended procedures requires daily readings of the 14CO2 output. Interpretation of the results is based on the daily rate and amount of growth, expressed in terms of the growth index (GI). Susceptibility or resistance is determined by the GI reading in the drugcontaining vial compared with a GI reading of 30 or more in the control on or after 4 days of incubation. When test vials are inoculated on Monday, Tuesday is day 1; day 4, the earliest final reading day, falls on Friday. Invariably there are some tests that are not complete at that time, but a different weekday schedule would only leave more vials to be read on weekends. It cannot be assumed that there will be no effect on results or no problems in interpretation if tests are held over the weekend and labeled CO2 is allowed to accumulate.
Mycobacteriology laboratories usually do not have Saturday and Sunday coverage, and general clinical microbiology laboratories do not need the added burden on weekends of reading susceptibility tests on M. tuberculosis. This study was undertaken to evaluate alternative procedures and reading schedules for the radiometric method that would circumvent weekends and still correlate with results from daily readings and a standard 7H10 agar plate method.
(This work was presented in part at the 85th Annual Meeting of the American Society for Microbiology, 3 to 7 March 1985, Las Vegas, Nev. [audiotape ASM1741.)
MATERIALS AND METHODS
Cultures. A total of 104 strains of M. tuberculosis were selected to include susceptible organisms and a high proportion of strains with various drug resistance patterns. These were fresh patient isolates submitted to this reference laboratory from Veterans Administration medical facilities for identification and drug susceptibility studies. Upon receipt, subcultures were made routinely to LowensteinJensen medium slants prepared in the laboratory from base powder (Difco Laboratories, Detroit, Mich.). A streak plate culture was also made on Middlebrook 7H10 agar medium enriched with oleic acid-albumin-dextrose-catalase (Difco) to examine colony morphology and to check for purity.
Identification of M. tuberculosis was made by standard growth characteristics and biochemical reactions (9) (10) (11) . Drug susceptibility tests were performed concurrently by the submerged disk method described below. Once species identification and drug testing results were available, a Lowenstein-Jensen subculture from the original was selected for use in this investigation.
Susceptibility testing by the submerged disk method. The susceptibility procedure using disks containing appropriate concentrations of the primary antituberculosis drugs currently in use has been described in part previously (3-5, 9, 10, 12 The control, however, should still be in a low range at this time. GI readings of 999 may be obtained on day 3 in drug vials and may represent true resistance; but these are difficult to interpret if the control, containing 1/100 of the population, is too heavy and also has a high reading using the delayed schedule. Such tests should be repeated. In this study the average accumulated GI of the controls for susceptible strains on day 3 was 32 (range, 13 to 58). Day 4 provided baseline values, so that the GI had to be determined a minimum of one more day or until the GI of the control reached 30. This usually occurred by day 5, corresponding to Wednesday.
All cultures were susceptible to at least one of the 7 drug concentrations tested, although some strains were susceptible only to 10 ,ug of ethambutol; 32 of 104 cultures (31%) were completely susceptible to the four drugs.
The delayed GI readings of a strain that was susceptible to streptomycin and ethambutol and resistant to isoniazid and rifampin are shown in Table 2 . In 100% of strains susceptibility was indicated by a continuous decline in the GI value from the accumulated 14CO, reading. Resistance had several patterns: (i) similar to tests read daily, the change in GI (AGI) of the drug-containing vial was greater than the AGI of the control (38%); (ii) at or near 999 on days 3 and 4 with an increasing control that reached 30 or higher by day 5 (60%); (iii) reached a GI of 500 or more by the time the control vial reached 30, in some instances with a AGI less than that of the control (2%).
The time required to complete BACTEC drug susceptibility tests read daily and those in which GI readings were not performed for the first 2 days after inoculation are compared ,ug significantly improved correlation with 10 p.g in 7H10.
The study also showed that results with 2.5 and 5 ,ug of ethambutol in the radiometric methods and disk method, respectively, corresponded well overall, but nine strains that were resistant to 5 ,ug of ethambutol in 7H10 were susceptible to 2.5 ,ug of ethambutol with either BACTEC procedure. Ethambutol at 10 ,ug is apparently too high, since the percentage of strains of M. tuberculosis resistant to this level is extremely low regardless of the method employed (personal observation). In view of the fact that this is the only ethambutol concentration that has been available commercially for radiometric tests, users of the BACTEC system alone may have missed ethambutol resistance.
Another observation worthy of consideration concerns isoniazid, the single most important drug in the treatment of tuberculosis. Overall agreement between conventional and BACTEC results was 90% at both 0.2 and 1.0 p.g (Table 4 ). However, of the 10 disagreements at 0.2 ,ug of isoniazid, 6 that were resistant to the low level and susceptible to 1.0 ,ug by the conventional method appeared completely susceptible by the radiometric method. At 1.0 ,ug of isoniazid, 7 of 10 cultures that were resistant by the disk method were susceptible to 1.0 ,ug and resistant to 0.2 ,ug in the BACTEC. The remaining three strains reacted as susceptible to even the low concentration of drug. Therefore, a total of nine strains resistant to one or both concentrations of isoniazid by the conventional method were missed entirely by the radiometric method. There was no difference in BACTEC tests read daily or delayed; the discrepancies were present either way. Since this investigation was completed, over 900 additional isolates of M. tuberculosis referred to us for drug susceptibility studies have been tested routinely in parallel with the disk method and the BACTEC method with delayed readings. Agreement between the two has continued at the high level reported here and has actually increased for isoniazid and ethambutol, possibly due to a lower percentage of resistant strains than was present in the cultures selected for this work. In patient populations with a high proportion of resistant strains, disparities between conventional and BACTEC results become more apparent.
The radiometric method for indirect drug susceptibility testing produces more rapid results, seems straightforward, and, as shown in this study, can be accomplished without the inconvenience of weekend readings. However, in actual performance the demands on personnel time and expertise are no less than with the disk method, whereas the cost is significantly higher. Overall agreement and reproducibility by either method are far better in specialty laboratories with a large volume of positive mycobacterial cultures than in routine clinical laboratories. Drug susceptibility tests should not be performed in laboratories with an insufficient volume to maintain documented proficiency in mycobacteriology (1, 6 
